Secondary amyloidosis (AA) is characterized by the extracellular tissue deposition of fibrils composed of fragments of an acute-phase reactant protein, serum amyloid A (SAA), due to chronic inflammatory diseases, infections and several neoplasms. AA amyloidosis may also complicate several hereditary diseases, where genetic factors play a pivotal role in the expression of amyloidosis. Familial Mediterranean fever (FMF) and tumour necrosis factor receptor-1 syndrome (TRAPS) are the most frequently involved. We describe a case of a 21-year-old Romanian woman who presented at the 35th week of gestation with acute abdominal pain, nausea and vomiting. The laboratory workup performed after delivery showed proteinuria in the nephrotic range and increased SAA protein. Kidney amyloid deposits were detected and genetic testing for secondary amyloidosis was performed identifying two mutations, one involving the gene of FMF (MEFV), and the other involving the tumour necrosis factor receptor-1 gene (TNFRSF1A). To our knowledge, this is the first case in the literature where secondary amyloidosis develops in a patient carrying mutations involving the genes of both FMF and TRAPS.
Introduction
Secondary amyloidosis (AA) is characterized by the extracellular tissue deposition of fibrils composed of fragments of an acute-phase reactant protein, serum amyloid A (SAA), due to chronic inflammatory diseases, infections and various neoplasms [1] . AA amyloidosis may also complicate several heredofamilial diseases, such as periodic fever syndromes, where genetic factors play a pivotal role in the expression of amyloidosis. Familial Mediterranean fever (FMF) and tumour necrosis factor receptor-1 syndrome (TRAPS) are the most frequently involved, while the development of amyloidosis in the setting of hyperimmunoglobulinaemia IgD is less often observed [2] . The prevalence of specific mutations correlates positively with the incidence and severity of AA amyloidosis. Nevertheless, variability in the expression of the same mutation between different populations, and even within families, suggests a significant effect for environment and other genetic factors [3] .
Case report
A 21-year-old Romanian woman at the 35th week of gestation was admitted due to acute left upper quadrant abdominal pain for 3 days, associated with nausea and vomiting.
She had been healthy until the age of 20 when she underwent appendectomy for acute appendicitis and contracted hepatitis C virus infection. During pregnancy, blood pressure was normal and total weight gain was 6 kg. Mild oedema in the lower limbs was present before pregnancy, but it worsened during the first trimester. Due to her socioeconomic status, the patient did not receive any prenatal care.
Upon admission, blood pressure was 100/60 mmHg, pulse rate 90 beats/min and respiratory rate 28/min. There was no fever. Physical examination revealed mild abdominal distention and hypoactive bowel sounds. Moderate pitting oedema was present in the lower limbs. Lung, heart and neurological examinations were within normal limits. She was placed on parenteral nutrition and bowel rest, but her clinical condition worsened and the patient developed an inability to pass flatus. A Caesarean delivery was immediately performed and a premature child was delivered. A few days after delivery, abdominal pain, nausea and vomiting resolved spontaneously. Table 1 summarizes the laboratory examination performed after delivery. Proteinuria 3.6 g/24 h was noted, serum creatinine was 53 µmol/L (0.6 mg/dL) and urea 7. /L (738.000/µL). C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) were 150 mg/L and 90 mm/h, respectively; fibrinogen was normal. Serum protein was 33 g/L (3.3 gr/dL) and albumin 16 g/L (1.6 g/dL). No monoclonal band was present in serum protein electrophoresis. Autoimmune and coagulation parameters were normal, as well as thyroid and liver function tests. Hepatitis B virus infection markers were negative, and apart from a slight increase in hepatitis C virus antibody titre, no signs of active hepatitis were detected. The SAA protein level was high (591.28 ng/mL). Abdominal ultrasonography showed hyperechogenic cortex. Echocardiography revealed only mild mitral regurgitation. Electromyography detected initial signs of lowerlimb sensory neuropathy. While abdominal fat pad aspirate was negative for amyloidosis, kidney biopsy revealed a diffuse glomerular deposition of amorphous hyaline material that stained weakly with periodic acid Shiff's and bound Congo red and thioflavine T (Figure 1 ). Vascular and tubular deposits were also present. Rectal biopsy was performed as well, showing the presence of A protein and the absence of immunoglobulin light chains. Molecular genetic screening tests for secondary (AA) amyloidosis were performed. A blood sample was obtained from the patient after her informed consent and genomic DNA was extracted from peripheral blood lymphocytes. The entire coding regions and intron-exon junctions, which are important in order to identify variants affecting mRNA splicing, were amplified and screened for mutation in Apo A-I, TNFRS1A and MEFV genes by the Sanger sequencing method to identify the causing mutation. Reference sequences were obtained from NCBI RefSeq and all sequences were compared with these sequences. The standard nomenclature recommended by HGVS was used to number nucleotides and name mutations or variants. Two different mutations were identified by sequencing analysis. The first involved a copy of the gene of the FMF (MEFV) and it was c2082G>A, p. M694I on the short arm of chromosome 16. The second involved a copy of the tumour necrosis factor receptor-1 gene (TNFRSF1A), and it was c.362G>A, p.R92Q on the short arm of chromosome 12 ( Figure 2 ). The diagnosis of AA amyloidosis was then confirmed. The Apo A-I gene did not present any mutations.
Discussion
To our knowledge, this is the first case in the literature of secondary amyloidosis where mutations involving the gene of the FMF and the gene of the tumour necrosis factor receptor-1 co-exist.
In the case we reported, the diagnosis of renal amyloidosis was suggested by the presence of proteinuria in the nephrotic range and the initial signs of peripheral neuropathy, and was then confirmed by the detection of amyloid deposits in the kidneys. The high levels of SAA protein, the detection of AA protein in the rectal biopsy and the absence of kidney light chain deposits supported the diagnosis of secondary amyloidosis. As other causes of AA amyloidosis, such as autoimmune and infectious diseases, were excluded, we considered the possibility of hereditary syndromes that may be complicated by this type of amyloidosis. Two mutations involving the MEFV (c.2082G>A) and TNFR-1 (c.362G>A) genes were identified.
Since a heterozygous mutation both in MEFV and TNFRSF1A genes seems implied in the disease phenotype in this patient, a segregation analysis would be necessary to determine from which parent(s) they were inherited. Unfortunately, DNA samples from family members were not available. Therefore, familial segregation analysis could not be performed, and we could not distinguish the parental origin of the mutations in these two genes.
The FMF and the TRAPS are hereditary syndromes often complicated by amyloidosis [2] . FMF is characterized by sporadic, paroxysmal attacks of fever, serosal inflammation and arthritis, typically lasting 2-4 days, resolving spontaneously. This disorder has been described primarily in several ethnic groups originating in the Mediterranean littoral: Jews, Armenians, Turks, North Africans, Arabs, Greeks and Italians. Patients may experience painful attacks localized to the abdomen. Rebound tenderness, rigidity and adynamic ileus are often present. Patients may also develop amyloidosis, which usually presents as nephropathy. FMF can be transmitted as an autosomalrecessive disease, but several cases of compound heterozygous and heterozygote individuals with a milder disease of later onset have been described [4] .
The responsible molecule is a 781 amino acid protein denoted as pyrin, encoded by a single gene on chromosome 16p (MEFV), with an important role in the regulation of apoptosis and inflammation [5] . To date, >90 mutations have been identified in the MEFV gene [6] , but five mutations, M680I, M694V, M694I, V726A on exon 10 and E148Q on exon 2, account for >85% of cases. Nearly all of the disease-associated mutations are missense substitutions and most of them are clustered in the C-terminal domain. Furthermore, the genotype-phenotype correlation suggests that mutations located within the mutational hotspots in codons 680 and 694 are associated with severe disease, early onset and frequent occurrence of amyloidosis in untreated case [7] . Two specific mutations, M694V and E148Q-V726A double mutation, seem to correlate positively with the severity of the disease and the development of AA amyloid in some populations of patients [3] . Some reports suggest, indeed, that M694V/M694V homozygous patients appear to be more likely to have arthritis, renal amyloidosis, higher fever and more frequent attacks [8, 9] . Moreover, these patients require higher doses of colchicine to prevent attacks than those with other genotypes. Among Arab patients, homozygosity for the M694V allele results in more severe disease than homozygous individual for M694I [10] . The M694V mutation affects the majority of North African Jews with FMF, which are known to have more severe attacks and a higher frequency of amyloidosis [11] . On the other hand, Ashkenazi Jews, Druze and Armenians, who have a low frequency of this mutation, tend to have a milder versions of FMF with a lower incidence of amyloidosis. The mildest and least penetrant genotype is associated with the E148Q mutation [12] . Nevertheless, variability in the expression of the same mutation among different populations, and even between families, suggests significant environmental effects [3] . TRAPS is a rare syndrome, originally described among the Irish population and then reported in many other ethnic groups. It is inherited as an autosomal dominant disorder with incomplete penetrance [13, 14] . The genetic mutation involves the gene on chromosome 12 encoding the 55-kDa tumour necrosis factor α receptor 1, TNFR1, and this results in enhanced susceptibility to TNF [15] and impaired TNF-driven apoptosis [16] .
The median age of the disease onset is 3 years old, but cases of later onset have also been described. TRAPS is characterized by recurrent fevers which commonly last at least 5 days and often continue for more than 2 weeks, in the absence of viral or bacterial infections [17] . Febrile episodes can be triggered by physical or emotional stress. Patients may also present focal myalgias, sometimes migratory, conjunctivitis, periorbital oedema, abdominal pain, monoarticular arthritis and rash. A minority of them, ∼15% in the USA, may develop clinical manifestations of secondary amyloidosis, which primarily involves the kidney [2] .
Over 80 distinct mutations of the TNFR-1 gene have been identified, and some of them are functional polymorphisms [18] . Mutations affecting cysteine residues are accompanied by a higher risk for amyloidosis than non-cysteine mutations [2] . The majority of TRAPS-related mutations are missense mutations, resulting in single amino acid substitutions in the cysteine-rich domains (CRDs), CRD1, CRD2 or CRD3, of the ectodomain of the mature TNFR1 protein [19, 20] . These CRDs are involved in disulphide bond formation and in the folding of the extracellular portion of the protein. Hence, mutations resulting in cysteine substitutions demonstrate a higher penetrance, usually being associated with a more aggressive phenotype and an increased probability of developing renal amyloidosis compared with mutations not involving the CRD [21] .
The medical history of our patient was negative for fever and abdominal pain in childhood. Even though both the periodic fever syndromes described previously usually manifest in early childhood, some patients may experience a later onset of the disease. Triggering events for the attacks, which are usually less frequent during the third trimester of pregnancy, are vigorous exercise, exposure to cold and emotional stress, all of which were difficult to document in our patient. She experienced abdominal pain without fever, but presented leucocytosis with a predominance of neutrophils, increased levels of ESR, CRP and SAA. These laboratory findings are typical features of both FMF and TRAPS syndromes. The development of small bowel obstruction may indicate the presence of serositis, a more common finding in the setting of FMF rather than in TRAPS. These diseases may also present as what has been termed 'phenotype 2', in which renal amyloid is found without any indication of periodic fever [22] . In a large database of patients with AA amyloidosis evaluated in the UK, 9% were associated with known autoinflammatory disease and 6% were found to have 'idiopathic' AA, occurring in the absence of any apparent underlying inflammatory disease [1] , as in our patient. In summary, we describe the case of a pregnant woman of Mediterranean origin who presented with symptoms of abdominal serositis, heavy proteinuria and elevated SAA protein. Kidney and rectal biopsy were diagnostic of AA amyloidosis. Genetic testing revealed mutations in both the FMF and TRAPS genes. Although the two mutations identified in our patient are not usually associated with amyloidosis, the presence of both together might have been determinant for the development of the disease.
